WORLD INTCLLECrUAL PROPERTY ORGANIZATION 
intemalional Bureau 




PCX 

INTERNATIONAL APPUCATIQN PUBUSHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) International Patent Classlficfttion ^ : 
A61N 1/30 



Al 



(11) Internationa] Publication Number: WO 97/48440 

(43) International Publication Date: 24 December 1997 (24.12.97) 



(21) International ApplIcaUon Number: PCT/US97/10516 

(22) International FUlng Date: 17 June 1997 (17.06.97) 



(30) Priority DaU: 

60/019.990 



18 June 1996 (18i)6.96) 



US 



(71) AppUcant: ALZA CORP(»ATION [US/US]; 950 Page Mill 

Road. P.O. Box 10950. Palo Alto. CA 94303-0802 (US). 

(72) Inventors: CORMIER, Michel In N.; 278 Andsbufy Avenue. 

Mountain View. CA 94043 (US). NEUKERMANS. Ar- 
mand. P.; 3510 Arbutus Avenue. Palo Alto, CA 94303 
(US). BLOCK. Banr, 30610 Page Mill Road, Los Altos, 
CA 94022 (US). THEEUWES, Mix, T.; 27350 Altamont 
Road. Los Altos, CA 94022 (US). AMKRAUT, Alfied. A; 
3358 Kenneth Drhw, Palo Alto. CA 94303 (US). 

(74) Agents: MILLER. D., Byroo et al.; Alza Corporation, 950 Page 
Mill Road. P.O. Box 10950. Palo Alto, CA 94303-0802 
(US). 



(81) Designated States: AL. AM, AT, AU, AZ, BA. BB. BG. BR. 
BY, CA. CH, Of, CU, CZ, DE. DK, EE, ES. H. GB. GE, 
HU, IL, IS, JP, KE. KG. KP, KR. KZ, LC, LK, LR, LS. LT, 
LU, LV. MD. MO, MK, MN. MW, MX. NO, N2. PL, PT. 
RO. RU. SD, SE, SC. SI, SK. TJ, TM, TR, TT, UA, UG, 
U2. VN. ARIPO patent (OH, KE, LS, MW, SD. SZ, UG. 
ZW), Eurasian patent (AM. AZ, BY, KG. KZ, MD. RU, TJ. 
TM). Baroptin patent (AT, BE, CH, DE, DK. ES. Fl PR. 
OB, OR. IE, rr. LU, MC. NL. FT. SE). OAPI patent (BF. 
BJ, CF, (X3, Cn, CM. OA, ON. ML, MR. NE. SN, TD. TO). 



Published 

With iiaeritaihnai search report. 

Before the tjqnration of At time limit for amending the 
claims and to be r^ubiiihed in the event of the receipt of 
amendmenis. 



(54) nUe: DEVICE FOR ENHANONO TRANSDERMAL AGENT WUVERY OR SAMPLING 




(57) Abstract 

A percutaneous agent delivery or sampling device (10. 88. 98. 104) comprising a sheet (6) having a plurality of microblades (4) for 
piercing and anchoring to the skin for incrcasirg tiwisdcrmaJ flux of an agent and for improving the attachment of the device (10, 88 98 
104) to the skin. Hie device comprises a sheet (6) having at least one qiening (8) iherethroagh and a plurality of blades (4) extending 
downward therefrom, and an anchoring means fof anchoring the device (2) to the body surface. 
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, DEVICE FOR ENHANCING TRANSOERNIAL AGENT 

2 DELIVERY OR SAMPUNG 

3 

4 Field of the Invention 

8 

6 The present invention relates to transdemial agent delivery and sampling. 

7 More particularly, this invention relates to the transdermal delivery of agents, such as 
B peptides and proteins, as well as the transdermal sanrpling of agents, such as glucose, 
9 body electrolytes and substances of abuse, such as but not limited to alcohol and illicit 

0 dnjgs. The present invention uses skin-piercing microblades to enhance the 

1 transdermal flux of tfie agents during transdermal delivery or sampling and anchoring 

2 elements to assist in retaining the delivery or sampling device in the skin. 

3 

4 Background of the tnventjon 

s 

6 Interest in the percutaneous or transdermal delivery of peptides and proteins to 

7 the human body continues to grow with the increasing number of medically useful 
e peptides and proteins becoming available in large qumfities and pure fonn. The 
9 transdennal deih/ery of peptkies arid proteins still faces si^^ In many 

20 instances, the rate of delivery or flux of polypeptides through the skin is insufficient to 

21 produce a desired therapeutic effect due to the binding of the polypeptictes to the skin. 

22 In addition, polypeptides and proteins are easily de^Bded during and after penetration 

23 into the skin, prior to reaching target cells. Likewise, the passive flux of vi/ater soluble 

24 smaN molecules such as salts is limited. 

25 One method of increasing the trarwdermal delivery of agents relies on the 

26 application of an electric current xross the txxly surface or on "electrotransport". 

27 tlectrotransport" refers generally to the passage of a beneficial agent, e.g., a drug or 
26 drug precursor, through a body suface such as skin, mucous membranes, nails, and 

29 the like. The transport of the agent is induced or enhanced by the application of an 

30 electrical potential, which results in the application of electric current, which delivers or 

31 enhances delivery of the agent. The electrotransport of agents through a body surface 
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may be attained in various manners. One widely used electrotransport process, 
iontophorests. involves the electrically induced transport of charged ions. 
Electroosmosis, another type of electrotransport process, involves the movement of a 
solvent with the agent through a membrane under the influence of an electric field. 
Electroporation, still another type of electrotransport. involves the passage of an agent 
through pores formed by applying a high voltage electrical pulse to a membrane. In 
rrany instances, more than one of these processes may be oocurrsig simultaneously to 
different extents. Electrotransport delivery generally increases agent delivery, 
particulariy large molecular weight species (e.g., polypeptides) delivery rates, relative 
to passive or non-electrically assisted transdermal delivery. However, further increases 
in transdemnal delivery rates and reductions in polypeptide degradation during 
trsuisdermal delivery are highly desirat>le. 

One method of increasing the agent transdermal delivery rate involves pre- 
treating the skin with, or alternatively co-deiivering with the beneficial agent, a skin 
pern>eation ertf^ncer. The term "permeation enhancer" is broadly used herein to 
desaibe a substance which, when applied to a body surface throu^ which the agent is 
delivered, enhances its electrotransport flux The mechanism may involve a reduction 
of the electrical resistance of the body surface to the passage of the agent 
therethrough, an increase in the permeability of the body surface, the creation of 
hydrophilic pathways through the body surface, and/or a reductiOT in the degradation of 
the agent (e.g., degradation by skin enzymes) during electrotranspcHt 

There have been many attempts to enhance transdermal flux by mechanically 
puncturing the skin prior to transdermal dnjg delivery. See for example U.S. Patent 
Nos. 5,279.544 issued to Gross et al.. S.250.Q23 issued to Ljee et al.. and 3.964.482 
issued to Gerstel et al. These devices utiiize tubular or cylindrical structures generally, 
although G«^l does disck)se the use of other shapes, to pierce the outer layer of the 
skin. Each of these devices provicte manufacturing challenges, limited mechanrcai 
attachment of the structure to the skin, and/or undesirable irritation.of the skin. 
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As has been discussed, a vanety of chemicals and mechanical means have 
been explored to enhance transdemial flux. However, there is still a need to provide a 
device suitable for increasing transdermal flux which device is lowKX>st and which can 
be manufach^ed reprodudbly (i.e., without significant variation from device to device) 
in high volume production and to improve the attachment of the device to the skin. 

Description of the Invention 

The present invention provides a reproducible, high volume production, low<ost 
device suitable for increasing transdermal flux and improving attachment to the skin 
with minimal to no skin irritation. The device generally comprises a stnjcture that 
attaches to the skin more effectively than the prior art devices. The invention 
comprises a plurality of microblades for piercing and anchoring to the skin. The blades 
typically have a length of less than about 0.4 mm and a width and thickness which is 
even smaller. In spite of their small size, the blades can be made with an extremely 
reproducible size and shape so that the microslits formed by the blades puncturing the 
skin also have a very reproducible size and depth. Because the blades have a small 
thk:kness (i.e., small relative to the width and length of the blades), the blades produce 
less tissue damage for a given cross-sectfon than a skin piercing microneedle having a 
circular cross-section. The devfce of the present inventton pierces the stratum 
comeum of a body surface to form paffrways through which a sid^stance (e.g.. a daig) 
can be introduced (i.e., delivery) or through which a substance (e.g.. a body electrolyte) 
can be withcfrawn (i.e., sampling). 

in one aspect of the invention, the device comprises a sheet having a pturaiity of 
openings therethrough, a plurality of microblades integral therewith and extending 
downward therefrom, and mesns for anchoring the device to a body surface. In the 
many different aspects of the invention, the device is anchored to the body surface in 
any of plurality of ways, including but not limited to, having an extension such as a 
prong or barb extending from at least some of the microblades, having an opening 
extending perpendicular through at least some of the microblades, covering essentially 
the entire surface area of the skin contacting surface of the device with acfiiesive except 
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1 fcK* one side of the microblades. orienting at least some of the plurality of microbiades at 

2 an angle of 90° to the remainder of the plurality of microbiades. orienting at least some 

3 of the plurality of microbiades at an angle within a range of about 1** to about 89** with 

4 respect to the remairKter of the plurality of miaoblades. providing a plurality of second 

5 openings through the sheet which make the device more shapeabte with respect to the 

6 body surface. The device of the present invention can be used in connection with drug 

7 delivery, body artalyte or drug sampling, or both. Deiivery devices for use with the 

8 present invention indiKie, but are not limited to, electrotranspc^ devices, passive 

9 devices, osmotic devices and pressure-driven devices. Sampling devices for use with 

10 the present invention include, but are not limited to, *Yeverse" electrotransport devices 

11 as disclosed in Glikfeld et al., U.S. Patent No. 5,279,543, passive devices, osmotic 

12 devices and negative pressure driven devices. 



13 The present tnvmtion also provides a high yield, kunyosX method ftx* prodtdng, 

14 in extremely reproducsbie fashion, the device of the pres^ invention. 

15 

16 Brief Description of the Drawings 

17 

18 Figure 1 is a perspective exploded view of one emtxxjiment of an 

19 electrotransport agent delivery system with a blade sray de^ce aooc^ding to one 

20 embodiment of the present invention; 

21 Figure 2 Is ai enlarged perspective view of the sidn proximal »de of the blade 

22 array device in accordance with orte embodiment of the present invention; 

23 Figure 3 is a partial top plan view of a blade array pattern in accordance with 

24 one embodiment of the present invention for forming blades with anchorirrg elements; 

25 Figure 4 is partial top plan view of yet another embodiment of the blade array 

26 pattern of Figure 3; 

27 Figure 5 is an enlarged view of a portion of the blades of the blade array pattern 
2t of Figure 3; 

29 Figure 6 is an enlarged view of a blade tip in accordance with one embodiment 

30 of the present invention; 
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Figure 7 is an enlarged view of a blade tip in acxx>rdance with another 
embodiment of the present invention; 

Figure 8 Is a diagrammatic representation of a method for producing blades of 
the present invention from the blade array pattern of figure 3; 

Figure 9 is an enlarged cross-sectional view of angled blades in accordance 
with one embodiment of the present invention; 

Figures 10, 11 and 12 are yet other embodiments of the blades with anchoring 
elements of the present invention; 

Figure 13 is a right side elevational view of another embodiment of a blade with 
an anchoring element; 

Figure 14 is an end view of the blade of figure 13; 

Figures 15 and 16 are another embodiment of the blade and an anchoring 
element, 

Figure 17 is a right side elevational view of a blade with anchoring elements in 
accordance with one embodiment of the present invention; 

Figure 18 is a cross-sectionai view tai<en along line 18-18 of figure 17; 

Figure 19 is a right side elevational view of another embodiment of a blade with 
an anchoring element; 

Figure 20 is an enlarged partial top plan view of still another embodiment of the 
blade array pattern; 

Figure 21 is an enlarged partial top plan view of yet another emtxxliment of the 
blade an^y pattern; 

Figure 22 is a bottom plan view of the electrotransport agent delivery system of 
figure 1; 

Figure 23 is a right side elevational view of the electrotransport agent delivery 
system of figure 1; 

Figure 24 is a rear elevational view of the electrotransport agent delivery system 
offigire 1; 

Figure 25 is a cross-sectional view taken along line 25-25 of the assembled 
electrotransport agent delivery system of figire 23; 
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Figure 26 is a diagrammatic cross-sectional view of a passive agent delivery 
system in accordance with one OTbodiment of the present invention; 

Figure 27 is a diagrammatic ooss-sectional view of another embodiment of a 
passive agent delivery system in accordance with the present invention; 

Figire 28 is a diagranrvnatic cross-sectional view of a sampling system in 
accordance with one embodim^ of the present invention; and 

Figure 29 is a diagrammatic cross-sectional view of another emt)odiment of the 
blades of the present invention. 

Modes fo r Canvinn Out the Invent! on 

Turning now to the drawings in detal, one embodiment of the device 2 of the. 
present invention is generally shown in Figure 1 for use with electrotransport delivery 
device 10, Device 2 is used for the perctrtarteous administration or sampling of an 
agent. The temis "siAjstarK*", "agenf and "dru^' are used interchangeably her^n and 
broadly include physiologically or phamiaccrfogfcally active substances for prodiKang a 
localized or systemic effect or effects in mammals including humans and primates, 
avians, valuable domestic household, sport or farni animals, or for administering to 
laboratory animals such as mice, rats, guinea pigs, and the lice. These terms also 
include substances such as glucose, eiectrotyte. alcohol, illicit drugs, etc that can be 
sarrq}led through the skin. The major barrier prcvsefties of ttie skn such as resistance 
to dnjg penetration, reside with the stiBtum conneum. The inno" cfivision of the 
epidenmis generally comprises three layers commonly identified as stratum 
granulosum. stratum malpighii, and sti^bjm gemiinativum. Once a daig penetrates 
below the sb^tum comeum. there is substsrftially less resistance to permeation throi^ 
tire indertying stratLsn gr»ujlosum. stratum malpighii. and stratim germlnativum layers 
for absorption and drculatiwi of daig hto the body. The device of the present invention 
is used to fonri microslits in the stratum comeum and produce a percolation area In the 
skin for improved transdemnal delivery or samplng of an agent. 
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1 Device 2 comprises a plurality of microblades 4 (i.e., a blacte array) extending 

2 downward from one surface of a sheet or plate 6 (see Figure 2 in which device 2 is in 

3 an inverted position to show the microblades). The microblades 4 penetrate the 

4 stratum cometm of the epidermis wtien pressure is applied to the device to increase 

5 the administration of or sampling of a s(i>stance through a body surface. The \em 

6 'iDOdy surface- as used herein refers generally to the skin, mucous membranes, and 

7 nailsof anansnalorhurnan. andtotheoutersurfaceof apteff^ 

e Furthermore, the device 2 of the present Invention improves the attachment of 

9 the device to the skin so that the percolation areas and a continuous pathway are 

10 preserved during movement of the body surface. In the embodiment shown in Figure 

11 2, projections the form of bart)s 50 on at least one of the blades 4 assist in arrchoring 

12 the device 2 »k1 any con-esponding devk» or structure used in combination therewith 

13 to the skin. Baxbs 50 can be on any mmr^r of the blades from one blade to all blades. 

14 Other embodiments which assist to anchor the device to the skin will be discussed 

15 below. 

16 The microblades 4 are generally fbnmed from a single piece of material and are 

17 sufficiently sharp and long for puncturing the stratum comeum of the skin. In one 

18 embodiment the microblades 4 and the sheet 6 are essentially impermeable or are 

19 impermeable to the passage of an agent The sheet 6 is formed with an opening 8 

20 between the nwcroblades 4 for enhandr^ the movement of an age^ In 

21 the case of therapeutic agent (e.g., drug) delivery, the drug is released from a 

22 drug-containing reservoir (not shown in Figure 2) through microslits formed by the 

23 microblades 4 cutting through the stratum comeum, migrating down ttie outer surfoces 

24 of the microblades and through the stratum comeum to achieve local or systemic 

25 therapy. In the case of agent (e.g., body anaiyte) sampling, the analyte migrates from 

26 the body tlvough the microslits in the stratum comeum which are cut by the 

27 microblades 4. In one embodiment the opening 8 correspCMids to the portion of the 

28 sheet 6 occupied by each of the microblades 4 prior to the blades being 

29 transpositioned into the downward depending position. The number of microblades 4 

30 per opening can be any number, preferably however between 1 and about 30 blades 

31 per opening. Fiffthermore, the number of openings per device and the number of 
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10 



1 blades per device are independent. The device may have only one opening and one 

2 microblade. The agent can t>e administered at a controlled rate of release from the 
resenrair through an agent release rate controlling material (not shown) covering the 

4 openings 8. 

s '^'«*'8stshovm in Figure 2. the microl)lades 4 have a thickness ¥4iich ism 

6 smaller than the width of the blades near their hase, i.e.. near the point where the 
blades are attached to the plate 6. -mis blade geometry provides maximum dmg 

8 percolation area with a minimum blade penetration area, and hence less tissue 

9 damage. The drug percolation area is the sWn area in contact with the blades which 
provides for drug penetration in the skin. The microbiades are shaped with the largest 
possible surface area with a minimal cross-sectional area so as to give the largest 

2 possible percolation area. TWn microbiades are better than rouid protrusions for this 

3 purpose because for the same cross-sectioa a thin microblade produces more 

4 percolation area anti less tissue damage than a round protrusion. TWs is a audal 

5 advantage over the prior art round elements such as needles and tubes. TWn 
16 microbiades aiso require less insertion force than round protruskans. The width of each 

blade can be any of a range of widths. The wicfihs can be different from blade to blade 

18 in the anay pattern. Ukewise, the width can be variable along the length of the blade. 

19 as will be described in more detail below. The width of the blade at the intersection of 

20 the blade and tine body surface after the blade anay has been inserted is preferably in 

21 the range of about 25 nm to about 500 Mm. more preferably about 50 nm to about 400 

22 Min, more preferably 1(X)nm to about 300 Jim. 

23 In one embodiment, the microbiades 4 (Figure 5) are also provided with slanted 

24 (i.e.. angled) leading edges 64 to further reduce the insertion force required to press 

25 the microbiades into the skin tissue. The angle of the leading edge Is designated as a. 

26 The slanted leading edges produce a cut ttvough ttie slqn tissue that is equal to the full 

27 width of the blade 4 while reducing the amouTt of metal that is in the skin tissue. In 

28 other words, a fiat leading edge (i.e.. a is 90°) produces a blade with a larger amount of 

29 blade material in the skin tissue than is produced by a blade having a slanted leading 
edge. The leading edges of each blade can all be the same angle or can be at 
different angles as shown in Figure 5. The angle a of each leading edge can be any 
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angle between about 10^ to 90**, preferably between about 1Cr to 60*. more preferably 
about 10** to 40**. The leading edge can also be segmented into two sections at 
different angles. For example, the first segment can have an angle a between about 
10** to 40** and then transition to a second segment having an angle between 20** to 
60**. Alternatively, the leading edge of each blade can be arcuate (i.e., cun^ed) in 
shape, having, for example, a convex or concave shape. In one embodiment, the 
leading edge is a cun/ed tip across the entire width of the blade. 

The microblades 4 are fbmned using a photo-etching process which is described 
in detail hereinafter. This process allows the microblades 4 to te reproducibly fomied 
on a very small (i.e.. tens of microns) scale. This process also allows the microblades 
4 to be fonned in shapes which help anchor device 2 to the skin. In one embodiment, 
the microblades 4 are provided with barbs 50 (Figures 2. 3 and 5) in some fashion so 
that the device 2 and any corresponding device attached th»eto stays attached to the 
skin after being applied with pressure. The degree of attachment and the number and 
size of the basbs is such as to retain the delivery or sampling device during the normal 
activity of the wearer, but not cause pain upon removal. As Vhe miaoblades are ''^ 
pressed into the skin tissue for use. the leading edge 64 of each miaoblade cuts 
through and pushes askle the skin tissue. After the microblades have come to rest in 
the skin, the skin due to its elastic nature at least partially comes back together around 
the edges of the miaoblades, in this way the surface 66 on each microblade having a 
barb 50 engages skin tissue and anchors the device in the dent If the blade is left in 
the skin for an extended period of time (e.g.. 24 hours), the skin tissue begins to heat 
together in the area t^nd the surface 66 of the barb thus inrqxDving the anchoring of 
the device. Only one barb per blade is shown in the figures but it is within the scope of 
the present invention that each blade can have a plurality of barbs extending therefrom. 
The microblades, in one embodiment, have a cross-section that Is wider in the area of 
the skin distal end of the blade than in the area of the skin proximal end, thus providing 
additional anchoring of the distal end in the skin. For example, the blades can have an 
"arrowhead" shape. Furthermore, the bart>s 50 shown in the figures are in the same 
plane as the blade, however the barbs can be oriented outside of that plane for 
example by a separate bending step or by using a shaped punch and die to produce a 
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f curve in the blade and barb. Ciffving the tip$ of the blade outside the plane of the 

2 blade generally provides better anchoring. Insertion of such blades causes the barbs 

3 to curve in the curve direction but retraction causes them to return to their prior position. 

4 The resulting curved cross-section of the blade can be, but is not limited to, angular. 

5 semi-circular. C-shaped, or banana-shaped, to effect a larger cross-sectk^ of openings 

6 in the skin. 

7 The plurality of blades 4 for purduring the stratun comeum are present on one 
a face surface 48 of the device 2 in any predetermined arrangement, ft>r example, as a 

9 duster of blades spaced in rows having any desired mOTber, or in my spaced ^rt 

10 relation of one blade to each other. The device 2 of the embodiment stown in Figures 
ti 1 and 2 is produced by the pattern shown in Figure 3. Each blade has a width and 

12 thickness that fadlitates penrtration of the stratum conwjm without bending. In the 

13 embodimait of Figure 3, there are six blades 4 in each opening 8 In sheet 6. Each 

14 opening 8 in this embodiment is 1 mm tong and 300 fim wkle. Correspondingly, the 

15 width of each blade is between about 137.5 urn to about 175 \m\ and the ler^ is 

16 about 250 nm. The required length of the blades is subjed to variatk»n of the body 

17 suface being penetrated and cx)n^esponds to the natitfal thickness of the stratum 

18 comeum, few- one of the principle features of tte invOTtion is that the blades are to 

19 p^ietrate the stratum comeum into the epidermis. U^ially. the blades will be about 25 

20 Mm to about 400 ^m in length, with the length for most applications being between 

21 about50}imtoat)Out2(X))im 

22 The pattern for any of the blade array devices of the presertf inventiw are 

23 f^oduced with a photo-etcWng process. A thin ^leet or plate 6 <rf metal such as 

24 stainless steel or titanium is etched |*oto-lithoyaphically with patterns containing 

25 blade-like strudures. In general, a thin laminate dry resist or wet resist is applied on a 

26 sheet about 7 ^m to about 100 Mm thick, preferably eAxxjt 25 Mm to ebout SO pm thk:k. 

27 The resist is contad exposed using a mask having the desired pattern and is 

28 subsequently developed. These operations are corKluded in much ^ 

29 they are for the manufadure of a printed drcuit board. The sheet is then etched using 

30 addic solutions. After the pattem has been etched ttirough the sheet, the sheet is 

31 placed on a die 52 (shown schematicaiiy in figure 8) having a piurality of openings 56 
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1 corresponding to the openings 8 in the sheet. A punch 54 having a plurality of 

2 protrusions 58 corresponding to the openings in the sheet and die is initially located 

3 above the sheet and die. At the initial stage, the blades 4 are in the same plane as the 

4 rest of the sheet 6. The protrusions 58 on the punch 54 are then pressed into the 

5 openings 56. thus bending the blades 4 downward to be at an angle (e.g., substantially 

6 perpendicular) to the plane of the sheet The finished structure provides blades 4 with 

7 an a($acent opening 8 for the passage of a substance therethrough when the device 2 

8 is applied to the skia Rectangular openings 8 are shown in the figures but the 

9 invention encompasses the use of any shape openings including, but not limited to, 

10 square, triangular, circular and eliipticaL 

1 1 The sheet 6 in some areas can have additional etched openings 80 (Figure 4) to 

12 alleviate the curl created during punching and/or to provide for flexibility in the dense 

13 blade array patterns because in some embodiments the sheet becomes very stiff after 

14 punching. The openings can be any of a variety of shapes (e.g., rectangular, circular, 

15 elliptical, triangular, eta) The openings also allow the sheet to be more easily curved to 

16 match the cun/ature of the body surface to which it is to be attached which improves 

17 anchoring of the device. The present invention maximizes the openings through the 
16 sheet but with a sufficient number of horizontal and vertical continuous portions in ttie 

19 sheet to prevent the sheet firom being too flexible (i.e., flimsy). If the openings are 

20 made too long in any one dimension, the sheet will bend (i.e., crinkle). In addition, it is 

21 also possible to treat the devices after punching with heat or plastic deformation such 

22 that the radius of curvature of the sheet t^ecomes equal to or somewhat smaller than 

23 the cun/ature of the body, where it is to be attached to enh»K» anchoring. The 

24 concave surface can be shaped to match the camex pattern of the body. 

25 The blades 4 can t>e patterned with resist on both sides 48,49 and subsequently 

26 etched simultaneously from tDoth sides (Figure 7) to achieve maximum pattern 

27 resolution for a given sheet thickness and to produce a knife-iike edge that can not be 

28 achieved with conventional stamping and punching processes. Alternatively, the 

29 blades 4 can be patterned and etched from one side (i.e., side 49) only (Figure 6). 

30 When etching from one side only,. the etching process can be controlled to etch 

31 selective depths in the plate 6 along the length of the blades (e.g., at the blade tips) to 
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produce a single angle 60 at the tip of the blade which maximizes the sharpness of the 
l«iife-like edge of the blade. In this embodiment, the lithogra^jhy pmoass produces a 
portion of the blade that is tfvnner than the remainder of the thlcl<ness of the btede and 
of the sheet The lithography process also can produce very small dimensioned 
elements for the anchoring and the poietration aspects of the invention. 

In another enribodimerit of the tw«>.sided etching process, the Wade array pa^ 
of any (rf the embodlrnents of the present invention is etched irtto the top surtece 49 df 
sheet 6. A second p^tem et^avalent to the area bounded by each of ttie openngs 8 
(e.g., rectan;^^) is etched into the bottom surfiace 48 such thtf each of the blades in 
the blade anray pattern is thmner than the surrounding sheet 6. As a result, the sheet 6 
forms a strong base and as the punch 54 deforms the blades 4 downwaitl, each of the 
blades plasticaily deforms so as to procftjoe blades that are strainer and more tariy 
perpencficular to the sheet 

In one embodiment of the eutmg process, a dry resist (e.g., "Dynachem FL" 
available fipom Dynachem located in Tustin. CA) is applied 12.5 urn thick to one or both 
sides of the sheet and exposed In a staxiard manner. Then a suitable spray etcher 
(e.g., "Dynamil VRP 1 Q/NM" available from Western Tech. Assoc located in Anaheim, 
CA) is used to spray a mbdure of ferric chloride and hydrochloic add onto ttre resist 
andsheetat52oC(125'>F)fortwommutes. A stancterd caustic stripper is used for the 
resist removal 

In anottier emtjodiment of the eSdUng process, a wet resist (e.g., "Shipley 1 11 S" 
available from Shipley Corporation, located in Marlborough, MA) is applied 7.5 urn thick 
at about 20 "C (70 °F) to or botti sides of the sheet and exposed in a standard 
manner. Thai a suitatile etchant (ag., ferric chiorkie) is sprayed onto the resist ami 
sheetat49"C(120°F). A standard caustfc stripper is used for the resist rwnoval. 

Ger^aily, tfw biactes 4 are at an angle of abouH 90° to tie surface 48 of ttie 
sheet 6 after t>eing punched, but ttiey can be disposed at any angle forward or 
backward from the perpendkutar position tt^t vvill fadlitete penetratfon of and 
attachment to the stratum comeun. In one embodiment (Figure 9), the blades are all 
aligned at an angle between about 1* and s&jout 89« de^ees, prefers^ about 10° to 
about 60°, more preferably about 20° to 45° to fadiitate the device being slid atong and 
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into the skin. The sigted blades have two principal advantages. First penetration of 
the blades is not opposed by the elasticity of the sidn because the blades are slid 
horizontally into the skin as opposed to pressing vertically on the skin. Second, the 
angled blades act to anchor the devk» in the skin as any motion of the skin is less 
likely to dislodge the blades. In addition, other anchoring elements such as barbs, 
openings, etc. can be used with the angled blades to further enhance anchoring of the 
device. 

In one embodiment (Figire 29), anchoring of the device is achieved by coating 
the surface 48 of sheet 6 and surface 82 of each blade 4 with an adhesive. One 
method of produdng this embodiment comprises spraying the adhesive on the device 2 
akjng the direction indicated by arrows 84. In this embodiment, the agent is free to 
pass through the openings 8 and along surface 86 of each blade unencumbered by the 
adhesive. It is also possible to apply the adhesive on only surface 48 and not on the 
blade surfaces 82. This can be aooompilshed. for example, by applying the acfliesive 
orrto siffface 48 after the blades 82 have been punched by spraying the adhesive in a 
direction whi<*i is parallel to the axis of the tilades 82. It is further possible to apply the 
adhesive only on the blade surfaces 82 and not on the surface 48 of sheet 6 in order to 
andw the device, although this last design is the least preferred adhesive anchoring 
means. 

The sheet and blades can be made from materials that have sufficient strength 
and manufacturability to produce blades, such as, glasses, ceramics, rigid polymers, 
metals and metal altoys. Examples of metals and metal alloys include but are not 
linruted to stainless steel, iron, ^1. tia zinc, copper, platinum, aluminum. gem«nium, 
nickel, zirconium, titanium and titanium alloys consisting of nickel. moiybd^Tun and 
chromium, metals plated with nidtel, gold, rhodium, iridium, titanium, platinum, ssyd the 
like. An example of glasses indude a devitrified glass such as "Photoceram" available 
from Coming in Coming, NY. Examples of rigid polymers indude but are not limfted to 
polystyrene, polymelhylmethacfylate. polypropylene, polyethylene, "Bakelite", cellulose 
acetate, ethylcellidose, styrene/acrytonitrile copolymers, stryrenetbutadiene 
copolymers, acrylonitrile/butadiene/styrBne (ABS) copolymers, polyvinyl chloride and 
acrylic add polymers induding polyacrylates and polymethacrylates. 
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Very dense patterns can be created with unit ceils wheiBin a unit celt has a 
width A and a length B as illustrated in Figure 3. In one embodiment (not shown), the 
pattern has the following characteristics: a unit cen area of 0.63 mm by 3.8 mm; the 
lineal length of a cut in a unit cell is approximately equal to 15 mm; and the open skin 
length per square centimeter is 625 mm. 

The micnrfjlades of the present ffwentien make an etongated, tWn microcul (i.e.. 
a slit) in the skin surface because the blades have a small thickness (relative to their 
width and length) resulting In a minimal blade cross-sectional area for the portiwts of 
the blade in the skin. The geometry of the mkroblades 4 results in minimal blade 
voluTie in the skin vi^rhaMrnal blade SLfffaceoeari the skvt The advantages of the 
present invention include, but are not limited to: (1) the thin Wade georrotry produces 
the maximum drug percolation area for a given cross-sectfon of the blade; (2) minimal 
tissue damage occurs because the anount of blacte material in the sWn and hence the 
voiiflne loading is minimized: (3) slanted leading edges (or equvalerU pointed shapes) 
further minanize tf» amount of volime loading or tissue damage while pressving a 
\ar^ percolation area; (4) for a given volume loadrig, me lager the surface area, the 
larger the firictional retaining force in the skin; and (5) for a ^ven desired percolation 
area, thwe are fewer blades necessary and therelwe the force on each tip is higher 
leaking skin penetratkm easier. 

In other embodiments (Figim 10-16) other anchoring dements are used in the 
present inventkia In the embodiments shown in Fibres 10-14, pror^ 68 is etched in 
the side of some or all of the blades 4. and purwhed lightly so as to protrude outwetfd 
from the plane of each of the blades, as illustrated in Figiffes 10 and 14. fiSter the 
punching of the prongs, the blades may be repunched to regain their substantially 
vertical orientation. Hinges 72 (Figure 13) can be used to control the retention force of 
the barb for amhcving. The hinges allow for the retentkm force to be taik)red 
independently of the size of the blade because the force required to bend or punch tho 
prong is set independently erf the size of the blades by the shape or size of the hffige. In 
other words, the fmce can be taifored by the anoirt of attachment of the pror^ to the 
plate, the greater the attachment, the greater the force. 
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Prongs may protrude from either side of the blade, or both sides, if desired. The 
sh^ of each prong can be any of a variety of shapes such as triangular, square, etc. 
as shown in Figures 11 and 12. In another embodiment, a cun^ed protrusion 70 
(Figures 15 arid 16) is made by etching a slit in some or all of the blades followed by 
punching. Tne prongs and curved protaisions act to anchor the device in the skin 
similar to the manner described previously. 

In other embodiments other anchoring elemertts are used. In the embodiments 
of Figures 17-19. the blade 4 has additional openings 74 extending through the blade 
to enhance anchoring. The edges fonning the holes or other linear openir^gs are 
etched throu^ the blade. Alternatively, or in addition, numerous small pits (i.e., 
indentations) rather than holes can be etched in the surface of the blade. As described 
above, the elastic nature of the skin tissue crises the skin to move into the openings or 
pits. In the embodiments with openings, the skin tissue may heal and reconnect 
through the openings to provide even greater anchoring. 

In a further embodiment (Figure 20), a plurality of blades in an opening 8 are 
arranged at 90° to another plurality of blades in an opening such that anchoring in 
two directions is obtained, in other words, the blades (not shown) assodated with the 
openings 8 are oriented parallel to the edge 76 of the device 2 and the blades (not 
shown) assodated with the openings 8' are oriertted parallel to the edge 78 of the 
device. The blades associated with each opening 8 can be mented at any angle with 
respect to the blades associated with each q)ening 8*. Altemativety, the blades within 
each opening can be ak)r^ perpendicular sktes of the opening. In a similar manrier, 
the blades within each CY)ening can be fomied in a senrated pattern as illustrated in 
Figure 21. This pattern allows VhB blades to have different controllable angles with 
respect to each other defined by the angle of the punch used and the etched angle p of 
the pattern. 

The number of bl^jes and openings of any erf the enribodiments of the device 2 
is vaaiable with respect to the desired flux rate, agent being sampled or delivered, 
delivery or samplir^ device used (i.e., electrotransport, passive, osmotic, 
pressure-driven, etc.). and other factors as will be evident to one of ordinary skill in the 
art in general, the larg^ the number of blades per unit area (i.e., the blade density), 
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the more distributed Is the flux of the agent through the skin because there are a 
greater number of agent-conveying pathways through the skin. Consequently, the 
smaller the number of blades per unit area, the more concentrated is the flux of the 
agent through the skin because there are fewer pathways. The present invention has a 
blade density of at least about 10 blades/cm' and less than about 1000 blades/cm*, 
preferably at least about 600 bladeston'. more preferabV at least about 800 
blades/cml tnsimtfarfeshion. the number of openings per unit area through which the 
agent passes is at least about 10 openings/cm* and less than about 1000 
openings/cm=. In one embodiment, the present invention produces a percolation area 
of about 0.005 to .05 cmW of body surface, preferably about 0.01 cm*/cm^ of body 
surface. 

One embodiment of the present inventkm relies on the application of an electric 
cunent across the body surface or "electrotransporf. Electrotransport refers generally 
to the passage of a beneficial agent. e.g.. a drug or drug precursor, through a body 
surface such as skin, mucous membranes, nails, and the like. The transport of the 
agent is induced or enhanced by the application of an electrical potential, which results 
in the applicatnn of electric cunent. which delivers or enhances delivery of the agent 
or. for "reverse" eiedrofFansport. samples or enhances sampling of the agent. The 
electrotransport of the agents Into the human body may be attaned in various manners. 
One widely used electrotransport process, iontophoresis. Involves the electrically 
induced transport of charged ions. Electroosmosis, another type of electrotransport 
process involved in the transdennal transport of uncharged or neutrally charged 
molecules (e.g. transdennai sampling of glucose), Involves the movement of a solvent 
with the agent through a membrane tffider the influence of an electric fiekt 
Electroporation, still awther type of electnstransport, involves the passage of an agent 
through pores formed by applying an electrical pulse, a hi^ volt^ pulse, to a 
membrane. In many instances, more than one of these processes may be occurring 
simultaneously to different extents. Accortingly. the term "electrotransport" is given 
herein its broadest possible interpretatkjn, to include the electrically induced or 
enhanced transport of at least one charged or uncharged agent, or mixtures thereof. 
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regardless of the specific mechanisni(s) by which the ager>t is actually being 
transported. 

It will be appreciated by those working in the field that the present invention can 
be used in conjunction with a wide variety of electrotransport drug delivery systems, as 
the invention is not limited in any way in this regard. For examples of electrotransport 
drug delivery systems, reference may be had to U.S. Patent Nos. 5,147.296 to 
Theeuwes at al., 5,080,646 to Theeuwes et al., 5,169,382 to Theeuwes at al., and 
5.169,383 to Gyoryetal. 

Electrotransport devices generally use at least two electrodes which are In 
electrical contact v^th some portion of the skin, nails, mucous membranes, or other 
body surface, in the case of transdermal agent delivery, one of the two electrodes is 
commonly referred to as the '*donor^ or "active** electrode, and is the one from which the 
agent is delivered into the body, in the case of transdermal agent sampling, one of the 
two electrodes is referred to as the 'taoeptor' electrode, and is the one into which the 
agent (e.g., body electrolyte) is collected upon being withdrawn from the body. The 
second electrode is, typically termed the "counter" or "return" electrcxte. and serves to 
ctose the electrical circuit through the body. For example, when the agent to be 
delivered is a cation, i.e., a positively charged ion, the anode t)ecomes the active or 
donor electrode, while the cathode sen/es to complete the circuit Alternatively, if the 
agent to be deiiv^d is an anion, i.e., a negatively charged ion, the cathode is the 
donor electrode. When the agerit to be sanrf>ied is a cation, the cathode becomes the 
receptor electrode while the aruxle serves to complete the circuit When the agent to 
be sampled is an anion, the anode becomes the receptor electrode while the cathode 
serves to complete the circuit When the agent to be sampled has no net charge (e.g., 
glucose), then either the anode, or the cathode, or bdh electrodes, can serve as the 
receptor electrode. Both the anode and cathode may be donor electrodes if both 
anionic and cationtc agents are delivered simultaneously. Electrotransport cteiivery 
systems generally require at least one reservoir or source of the agent to be delivered 
to the body. Electrotransport sampling systems likewise require at least one reservoir 
in which to collect the agent being sanpled. Examples of such reservoirs include a 
pouch or cavity as described in U.S. Patent No. 4.250.878 to Jacobsen et al.. a porous 
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sponge or pad as described in U.S. Patent No. 4,141.359 to Jacobsen et al.. and a 
pre-formed gel body as described in U.S. Patent No. 4.383.529 to Webster, among 
others. Such reservoirs are electrically connected to, and positioned between, the 
anode or the cathode and the body surfece, e.g., to provide a fixed or renewable 
soiffce of one or more drugs in the case of agent delivery. In addition, electrotransport 
systems also typically have an electrical power source, e.g., one or more batteries, and 
an electrical controller designed to regulate the timing, ampliti^e arxVor frequency of 
the applied electric oOTOTt. and hence regulate the timing arKl rate of agertt 
deiivery/sanpling. This power source componmt is eiectricaily connected to the two 
electrodes. Optional electrotransport device components include a counter reservoir, 
adl^stve coatings, insulating separation layers, aid rate-controlling membranes. 

Ftgtres 1 and 22-25 illustrate a representative electrotransport 
deiivery/sarrpling device 10 that may be used in conjunction with the present inventioa 
Device 10 comfxises &n upper housing 16. a drcxjit boad assenr^iy 18, a lower 
housing 20, anode electrode 22, cathode electrode 24. anode resen/oir 26, cathode 
reservoir 28 and skin-compatible adhesive 30. Upper housing 16 has lateral wings 15 
which assist in holding device 10 on a patient's skin. Prrrted circuit tx^ard assembly 18 
comprises an integrated circuit 19 coupled to discrete components 40 and battery 32. 
Circuit board assembly 18 is attached to houang 16 by posts (not shown in Figure 1) 
passing throu^ openings 13a arwl 13b, the ends of the posts being heated/melted in 
ortter to heat stake the circuit board assembly 18 to the housing 16. Lower housing 20 
is attached to the upper housing 16 by means cS acftiesive layer 30. the upper surface 
34 of adhesive layer 30 being adhered to both tower housing 20 and i^Tper housing 16 
irKiudir^ the bcrttom si^taces of wings 15. Siown (partially) on the mderside of circuit 
board assanbly 18 is a button cell battery 32. Other types of batteries may also be 
enq)ioyed to power device 10 d^)end!ng on the need. 

The device 10 is gerYerally comprised of battery 32, electronic circuitry 19,40, 
electrodes 22,24, drug/teoeptor reservoir 26, counter resent 28, and device 2, all of 
which are Megrated into a self-contained uniL The outputs (not shown in Figure 1) of 
the circuit board assembly 18 make electrical contact with the electrodes 24 and 22 
ttvough openir^s 23,23' in the depressions 25,25* formed in lower housing 20, by 
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: 1 means of electrically conductive adhesive strips 42,42. Electrodes 22 and 24. in turn, 

2 are in direct mechanical and electrical contact with the top sides 44*.44 of dnjg 

3 resen/oirs 26 and 28. The bottom side 46 of daig resen/oir 28 contacts the patients 

4 skin throu^ the opening 29 in adhesive layer 30. The bottom side 46* of dmg reservoir 
s 26 contacts the patient* s skin through the plurality of openings 8 in the devk:e 2. The 

6 fbrrmjlation of resen/oir 26 is preferably a viscous gel that fills the openings 8 such that 

7 the reservoir 26 is in direct contact with the skin when the blades have penetrated the 

8 stratum comeum. The contact between the reservoir and skin provides a path for the 

9 agent to be transported along. If the reservoir 26 is not in direct contact with the skin 

10 initially typically sweat accumulates in the confined area and provides an agent- 

1 1 transmitting pathway between reservoir 26 and the skia 

12 Device 1 0 optionally has a feati^ which allows the patient to self-administer 

13 a dose of drug, or self-sample a body electrorolyte. by electrotransport. Upon 

14 depression of push button switch 12, the electronic circuitry on circuit board assembly 

15 18 delivers a predetermined DC current to the electrode/resen/oirs 22,26 and 24,28 for 

16 an inten/al of predetermined length. The push button smXch 12 is cmveniently located 

17 on the top side of device 10 and is easily actuated ttvough dothffig. A double press of 
IB the push button switch 12 within a short time period, e.g., three seconds, is preferably 

19 used to activate the devk», thereby minimizing the likelihood of inadvertent actuation of 

20 the device 10. Preferably, the device transmits to the user a visual and/or audible 

21 confirmation of the onset of operatk)n by means of LED 14 becoming lit and/or an 

22 audble sound signal from, e.g., a **beeper". Agent is delivered/sampled through the 

23 patienfs skin, e.g., on the arm, by electrotransport over the predetemnined interval. 

24 Anodic electrode 22 is prefensd^ly comprised of silver and cathodfc electrode 24 is 

25 preferably comprised of silver chloride. Both reservoirs 26 and 28 are preferably 

26 comprised of polymeric gel materials. Electrodes 22.24 and reservoirs 26.28 are 

27 retained l>y lovi/er housing 20. 

28 In the case of therapeutic agent (i.e.. doig) delivery, a Ikiukl (frug solution or 

29 suspension is contained in at least one of the reservoirs 26 and 28. Drug 

30 concentrations in the range of approximately 1 x lO"* M to 1.0 M or more can be used, 

31 with drug ooicenirations in the lower portion of the rsnge being preferred. 
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The push button switch 12, the' electronic circuitry on circuit board assembly 18 
and the battery 32 are adhesively "sealed" between i^jper housing 16 and lower 
housing 20. Upper housing 16 is preferably composed of rubber or other elastomeric 
material, e.g., irijection moldaWe ethylene vinyl acetate. Lower housing 20 is preferably 
composed of a plastic or elastomeric sheet material (e.g.. polyethylene) which can be 
easily molded to form depressions 25,25 and cut to form openings 23.23\ The 
assembled device 10 is preferably water resistant (i.e.. splash proof) and is most 
preferably waterproof. The system has a low profile that easily conforms to the body, 
thereby allowing freedom cf movement at, and arotand. ttie wearing site. The resen^oirs 
26 and 28 are located on tte skinKX)ntacting side of the device 10 and are suffidentty 
separated to prevent accid^Ual electrical shorting ckiring normal handling and use. 

The device 10 adheres to the patienf s body surface (e.g.. sWn) by means of an 
adhesive layer 30 (v^ich has upper adhesive side 34 and body contacting adhesive 
side 36) and the anchorir^ elements the device 2 of any of the embodiments 
discussed above. The acBiesive side 36 covers the entire underr»ath side of the 
device 10 except where the device 2 and res«rvoir 28 are located. The adhesive side 
36 has adhesive prq^erties which assures tt^ the device 10 remains in place on the 
body during normal user activity, and yet permits reas^able removal after the 
predetennined (e.g.. 24-hafl-) wear period. Upper adhesive side 34 acftieres to lower 
housir^ 20 and retains tte electrodes and reservoirs within housir^ depression 25,25' 
as well as retains device 2 to lower housing 20 and lower housing 20 to u|:^ housing 
16. 

tn one embodiment of the drug delivery or sampling device there is a barKiage 
cover (not shown) on the device 1 0 for maintaining the integrity of the device when it is 
not in use. In use, the bandage cover is stripped from the device before the device is 
applied to the skin. 

In other embodiments of the present inverttion, passive transdemial delivery or 
sampling devices are used with device 2. Two examples of passive transdermal 
delivery or sampling devices are illustrated in Figures 26 and 27. In Figure 26. passive 
transdermal delivery device 88 comprises a reservoir 90 containing agent. Reservoir 
90 is preferably in the fonm of a matrix containing the agent (fispersed therein. 
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Reservoir 90 is sandwiched between a backing layer 92. which is preferably 
impermeable to the agent, and a rate-controlling membrane 94. In Figure 26, the 
reservoir 90 is formed of a material, such as a rubbery polymer, that is sufficiently 
viscous to maintain its shape. If a lower viscosity material is used for reservoir 90. such 
as an aqueous gel. backing layer 92 and rate-controlling membrane 94 would be 
sealed together about their periphery to prevent leakage. In a sampling configuration, 
the reservoir 90 would initially not contain the agent. Located below membrane 94 is 
microblade array device 2. The device 88 adheres to a body surface by means of 
contact adhesive layer 96 around the periphery of the device 2 and by the anchoring 
elements of any of the embodiments described previously. The adhesive layer 96 may 
optionally contain agent. A strippaWe release liner (not shown) is nomially provkied 
along the exposed surface of adhesive layer 96 and Is removed prior to application of 
device 10 to tlie body surface. 

Alternatively, as shown in Figure 27. transdemial therapeutic device 98 may be 
attached to a body surface by means of a flexibie adhesive overtay 100 and the 
anchoring elements used in device 2. Oevtee 98 Is comprised of an agent-containing 
resen/oir 90 (for a delivery configuration) whfch is preferably in the form of a matrix 
containing the agent dispersed therein In a sampling configuration, the resenwir 90 
would initially not contain the agent An impermeable backing layer 102 is provkled 
adjacent one surface of resenrair 90. Adhesive overfay 100 maintains the device 98 on 
the body surface In combination with the anchoring elements of any of the 
embodiments previously described for devks 2. Adhesive overtay 100 can be 
fabricated together with, or provided separately from, the remaining elements of the 
device 98. With certain fbmuilations. the adhesive overiay 100 may be preferable to 
the contact adhesive 96 shown in Figure 26. This is true, for example, where the agent 
reservoir contains a material (such as, for example, an oily surfactant permeation 
enhancer) which adversely affects the adhesive properties of the contact adhesive 
layer 96. impenneable backing layer 102 is preferably slightly larger than resenrair 90. 
and in this manner prevents the agents in resen/oir 90 from adversely interacting with 
the adhesive in overiay 100. Optkinally. a rate-controlling membrane (not shown in 
Figure 27) similar to membrane 94 in device 88 (Figure 26) can be provided on the 
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skin/mucosa side of reservoir 90. A strippable r^ease liner (not shown) is also 
normally provided with device 98 and is removed just prior to applicaBon of device 98 to 
the body surtece. 

The fonnulation for the passive transdermal devices may be aqueoi^ or non- 
aqueous based. The formulation is designed to defiver the drug at the necessary 
fluxes. Aqueous formulations typically comprise watar and about 1 to 2 weigN percent 
of a hydrophillc polymer as a gelling agent, such as hydraxyathylceiluiose or 
hydroxypropylceBulose. Typical non-aqueous gels are comprised of silicone fluid or 
mineral oil. Mineral oil-based gels also typically contain 1 to 2 weight percent of a 
gelling agent such as colkiidal silicon dionde. 

The reservoir matrix should be compatible with the deliverBd agent, any 
exdpimts (e.g., flux enhartcers. irritation preventing agerte) avVor any carrier 
therefore. When using an aqueous-based system, the reservoir matrix is preferably a 
hydrophllic potymer. e.g., a hycfrogel. When using a non-aqueous-based system, the 
resenwir matrix is preferably composed of a hydrophobic polymer. Suitable polymeric 
matrices are vi«H known in the transdermal drug dellrary art 

When a constant daig delivery rate is desired, the drug is present in the matrix 
or carrier at a conoerttration in excess of satwattoa the amout of excMS being a 
function of the destfed length of the drug delivery period of the systen. Theefrugmay. 
however, be presem at a level below sduration vnthout departing firnn this 

In addition to the drug, the matrix or cmier may also contain dyes, pigments, 
inert fillers, permeation enhancers, exdpients and other conventional components of 
pharmaceutic^ products or transdermal devices known in the art. 

The amount of drug present in the resenrar and the size of thd reservoir is 
generally non-lBrtted and is an amount equal to or teger than the amount of drug that, 
in Its released fwm. is effective in Ijringing sboiA the drugs frfiysiotogical or 
phanmacoiogical local or systemic effects. 

The preferred fcffm in which an agent is deliv^ed or sampled generally 
determines the type of delivery or sampling system to be used, and vice versa. That is. 
the selection of a "passive" system which delivers or samples the agent by efiffusion or 
an electrically powered system whic^ deliviars or samfdes the ag«it by electrotransport 
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will be mostly determined by the form of the agent. For example, with passive delivery 
systems, it has generally been recognized that the agent is preferably delivered in 
either its free base or add form, rather than in the form of a water soli^ salt On the 
other hand, with electrotransport delivery devices, it has been recognized that the 
drugs should preferably be ionized and the drug salt should be soluble in water. It is 
generally beiie>/ed that the pathways for passive and eledrotransporled transdermal 
drug delivery through intact skin are different, with passive deHvery occurring through 
lipid regions (i.e., hydrophobic regions) of the skin and electrotraeport delivery 
occurring through hydrophilic pathways or pores such as those associated with hair 
follicles and sweat glands. For the case of pierced skin, there is substantial passive 
flux through the microslits created by the microblades piercffig the stratum comeum. 
The dnjg for passive delivery is gaierally hydrophobic, e.g., free base fonu, whereas 
the preferred fomi of a dmg for electrotransport delivery is hydrophlHc, e.g, water 
soluble salt form. For osmotic and pressure driven systems which deliver or sample 
drugs by connective flow carried by a solvent, the drug preferably has sufficient 
solubility in the carrier solvent. It will be appreciated by those working in the fieM that 
the present invention can be used in conjurKUon with a vvide variety of osmotic d^ 
or sampling systems, as the invention is not limited to a particular device in this regard. 
Osmotic devices, available for use with the present invention, are disclosed fa- 
example In U.S. Patent Nos. 4,340.480 to Eckenhoff. 4,655.766 to Theeuwes et aL. 
and 4.753,651 to EckenhofF. 

This invention has utility in connection with the delivery drugs within any of 
the broad class of drugs nomraily delivered through body surfaces and membranes, 
including skin. In general, this includes drugs in all of the major therapeutic areas 
induding, but not IMted to, antt-frifectivss such as antibiotics and antiviral agents, 
analgesics induding fentanyl, sufentanil, buprenorpNne and analgeste comblnattons, 
anesthetics, anorexics. antiartlvitKs. antiasthmatic agents such as terbutaline. 
anticonvulsants, antkiepressants, anticfiabetic agents. antkJIarrheals, antihistamines. 
anti-HTflammatory agents, antimigraine prep»ations. antimotion sickness preparations 
such as scopolamine and ondansetron, antinauseants, sffitineoplastics, 
antipari«nsonism dnigs, antipn^ics, antipsychotics, artfpyretics, antispasmodics. 
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including gastrointestinal and urinary atticholinergics. sympalhomlmetrics, xanthine 
derivatives, cardiovascular preparations Including calcium channel blockers such as 
nifedipine, betablockers, beta-agonists such as dcbutamine and ritodrine, 
antiarrythmics, antihypertensives such as atenolol, ACE inhibitors such as ranitidine, 
diuretics, vasodilators, including general, coronary, periftfteral and cerebral. c«itral 
nervous system stimulants, cough and odd preparations, decongestants, diagnostics, 
hornwies such as parathyroid hormorw. bisphosphoriates, hypnotics, 
immunosifljpTBssives, musde r^axants, parasympatholytics, parasympathonwnetrics. 
prostaglandins, psychostimulants, sedatives and tranquilizers. The invention is also 
useful in corijunction with reducing or preventing sensitization occurring as a result of 
electrotransport delivery of proteins, peptides and fragments thereof, whether naturally 
oocuning, chemically synthesized or recombinantly produced. The invention may 
additionally be used in coc^ction with the delivery of nudeotidic dmgs, including 
oligonucleotide drugs, polynucleotide cbiigs, and genes. 

The present invention has partkxilar utility in the delivery of peptides, 
polypeptides, proteins, nudeotidic dmgs, and other such spedes through body 
surteces such as skin. These substances typkaily have a molecular weight of at least 
about 300 daltons, and mxe typically have a molecula- weight of at least about 300 to 
40,000 daltons. Specific examples of peptides and proteins in this size range include, 
without limitation, LHRH, LHRH analog sixh as goswelin. buserelin, gonactorelin, 
napharelin and leuprolide. GHRH. GHRF. insulin, insultropin. calcitonin, octreotide, 
endorphin. TRH. hJT-36 (chemical name: 

N-{I(s)-4K)xo-2-azetidinyllcarbonylH'+iistkJy|.L-prolinamide). lipredn, pituitary 
hormones (e.g., HGH. HMG, desmof»Bssin acetate, etc.), fbllide luteoicb, oANF, 
growth factors such as growth factca- releasing fedor (GFRF). pMSH, GH, somatostatin, 
bradykinin, somatotropin, platelet-derived growth factor, ^paraginsee, bleomycin 
sulfate, chymopapain, chotecystoidnin, (iKMionic gonadotropin, corticotrop»i (ACT^^ 
erythropoietin, epoprostenol (platelet ag^-egatkm inhibitor}, glucagon, HCG, himlog, 
hyaluronidase, interferon, interleUdns. menotropins (urofbllitropin (FSH) and LH), 
oxytodn, streptokinase, tissue ptasrrunogen activator, urokinase, vasopressin, 
desmopressin, ACTH anak>gs, ANP. ANP dearance inhibitors, angKrtensin II 
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antagonists, antidiuretic hormone agonists, bradykinin antagonists, ceredase, CS\% 
calcitonin gene related peptide (CGRP), enkephalins. FAB fragments, IgE peptide 
siqDpressors. IGF-1, netrotrophic tectors, colony stimulating factors, parathyroid 
hormone and agonists, parathyroid hormom antagonists, prostaglandin antagonists, 
pentigetide, protein C. protein S, renin inhibitors, thymosin alpha-1, thrombolytics, TNF, 
vaccines, vasopressin antagonists analogs, alpha-1 antitrypsin (recombinant), and 
TGF-beta 

As mentioned above, the device 2 of the pr^nt invert on can also be used 
wi&i known sampling devices including, but not limited to, reverse iontophoresis, 
osmosis, passive diffusion, phonophoresis. and suction (i.e., negative pressure). 
Figure 28 illustrates an osmotic sampling device 104 in combination with any of the 
efTdx)diments described previously for devk» 2, Osmotic sampling devices can be 
used to sample any of a variety of agents (e.g., body analytes. licit and illicit drugs) 
through a body surface including, but not limited to gKx:ose, body electrolytes, alcohol, 
blood gases, and illicit $ut)stances such as drugs of abuse. The osmotic sampling 
device 104 is attached to a body siffface by means of a flexible acSiesive overlay 100 
and the anchoring elements of device 2. Device 104 is comprised of a salt layer 106 
located between a semi-penneable c^^ osmotic mefTtf>rar^ 94 and an optional agent 
sensing element 108. The optional agent sensing element can be any of a variety of 
ch&nically reactive sensors and indicators, for exanpie the color incficating test strips 
associated with glucose testing. The adhesive overtay 100 can have a cut-out or 
trar^parent witKiow in the area of the indicalors so that the indicators can be readily 
vteifed. In an alternate embodiment, the agent sensing elemertt can be located 
b^ween the device 2 and the salt layer. 

The following example is merely illustrative of the present invention and shouM 
not be considered as limiting the scope of the invention in any way, as this example 
arvi other equivalents thereof will become £f)parent to those versed in the art and in 
light of the present disclosure, dnawings, and the accompanying datms. 
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Example 

The effect of the present design was evaluated on the skin resistance of a 
hairless guinea pig. A blade array of two square centimeters was applied to ECG 
electrodes of five square centimeters. The blade array and electrodes were then 
applied to the skin of the animal. Resistance measurements were taken two minutes 
after application of the electrode to the skin of the animaL A decrease in resistance 
was obsen^ indicating that penetratkm of the blades into the skin had occurred. 

The device was evaluated for its effect on electrotraisport flux of a decapefAlde 
in the hairless guinea pig. The following are spedficatkms for the device: the device 
consisted of a sheet having a plurality of rectangular openings having six blades, ttvee 
on each long side of a 860 jim by 250 pm rectangle resulting In a 0.22 mm' open area 
for each opening. Each set of three blades started at the opposite end of the rectangle 
as the opposing set of blades. All of the blades were about 200 fimk)ng. Allsixblades 
had slanted leading edges and the blade at each end was barbed as well. The group 
of six blades were arranged in two slightly offset rows with ten groups in each row on 
thesheeL Each device was a two cm* piece of stainless steel 25 urn thick etched and 
piBK*ied with eight paire of offset rows or 160 groifljs of «x blades for a total of 960 
blades. There were 40 vokieraas per cm' and 240 blades per cm'. 

For the study, a one comp»iment electrotranspwt system was used. It 
consisted of a cathode oomp»tment containing a Dulbelco's phosphate buffered saline 
imbawng gel and a donor anode conpartment containing two miliimoles of decapeptide 
buffered at pH 7.5, 10% choie^yramine chloride and 3% hydroxyethylcellulose. After 
loading the gels in the sj^em, the release liner was removed from the adhesive foam 
bottom of the electrotransport system. The device was caefully ^lied over a 1.6 on 
diameter hole containing the donor gel vwth the microWades fadng away from the gel. 
The electrotransport system was then placed on the skin of a lightly anesthetized 
hairless guinea pig. the systems were applied to the backs of the animals using gentle 
downward pressure while at the same time pushing bottom side of the system vwth the 
thumb of the technician. (The thumb trapped a roll of the animals' skin which altowed 
some upward pressure to be applied directly to the bottom side of the skin in contact 
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with the device microWades). Aflter two minutes the currert and resistance 
measurements were obs^ed and recorded. The electrotransport system was 
wrapped with Vetrap and the animals were returned to their cages for the duration of 
electrotransport (5 and 24 hours). Decapeptide flux was evaluated by measuring 
urinary excretion of this peptide. Only a modest effect of the device on decapeptide 
flux was observed in the first five hours of transport. Between five and twenty-four 
hours, the electrotransport flux of an ordinary electrotransport device dropped very 
significantly probably due to collapse erf the pathways or possibly aggregation of the 
peptide in the pathways (t» decrease in flux between five and twenty-four hours was 
reproducible). Use of the blade array device completely prevented this deaease in flux 
and resulted in an overall ten-fold increase in decapeptide flux over a twenty-four hour 
transport period. 

While the invention has been described in conjunction with the preferred 
specific embodiments thereof, it is to be understood that the foregoing description as 
well as the example are Mended to illustrate and not limit the scope of the invention. 
Other aspects, advantages and modifications within the scope of the invention will be 
apparent to those skflied in the art to which the invention pertains. 



wo 97/48440 



28 



PCT/US97/10516 - 



WHAT IS CLAIMED IS: 

1. A device (2) for piercing the stratum comeum of a body surface to form 
pathways through which an agent can be introduced or withdrawn, comprising: 

a sheet (6) having at least one opening (8) therethrough and a plurality of 
blades (4) extending downward therefrom, at least one of the piurafity of blades having 
an anchor (50,68.74.82) for anchorir^ the device (2) to the body suifece. 

Z A device (2) for piercing the stratum comeum of a body surface to form 
pathways through which an agent can be Introduced or withdrawn, comprising: 

a sheet (6) having at a plurality of openings (8) therethrough, at least one of said 
openings (8) having a plurality of blades (4) located along a periphery thereof aid 
extending downward from the sheet (6), and an anchor (50.68.74.82) for anchoring the 
device (2) to the body surface. 

3. The device of Claim 1 or 2, wherein the »Khor is selected from the group 
consistB>g of: 

(i) a projection (68) extending out finom at least one blade (4); 
(10 a barb (50): 

(ill) at least one openhg (74) extending tTvou^ at least one blade (4); 

(iv) an acfti^ive on a body contacting suface (48) of the sheet (6) and on at 
least one surface (82) of at least one of the plurality of titatos (4); 

(v) each of the blades (4) having an axis, the blades (4) being oriented 
so that the blade ajss are substanti^ly parallel and the axes fbmi an angle of 
about I" to about 89° relative to the sheet (6); 

(vi) each one of the plurality of blades (4) defines essentially a plane aid 
wherem the anchor comprises a portion of ttie plurality of blades being oriented A an 
aigle of about 90» with reqaect to a remaining portion of the plurality of blades; and 

(vii) each one of the plurality of blades (4) defines essentially a plane and 
wherein the anchor cdmprises a portion of the plurality of blades (4) being oriented at 
an angle within a range of about r to about 89" with respect to a remaining portion of 
the piu^ity of blades (4). 
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4. The device of Claim 3, wherisin the . projection (68) extends out from a plane 
defined by the at least one blade (4). 

5. The device of Claim 4, wherein the projection (68) is a prong (4). 

6. The device of Claim 3. wherein the projection is integral with an edge of the 
at least one blade and in a plane defined by the at least one blade. 

7. The ctevice of Claim 1 or 2, further comprising a therapeutic agent delivery 
device (10,88.98^04) connected to the piercing device (2) and positioned to deliver a 
therapeutic agent through the openings (8) to the body surface, the agent delivery 
device (10,88,98,104) being selected from the group consisting of an electrotransport 
device (10), a passive diffusion device (88,98), an osmotic device (104), and a 
pressure driven device. 

8. The device of Claim 7, wherein the agent COTiprises a polypeptide or protein. 

9. The device of Claim 1 or 2, further comprising a sampling device 
(10.88,98,104) connected to the piercing device and positioned to sample a substance 
from the body surface through the opening(s) (8). the sampling device being selected 
from the group consisting of a reverse electrotranspcyt device (10), a passive diffusion 
device (88,98), an osmotic device (104), and a negative pressure dnven device. 

10. The device of Claim 9, wherein the sanpled substaice is selected from the 
group consisting of body eiedrolytes, illicit drugs and glucose. 

11. The device of Clam 1, wherein a portion of the plurality of blades (4) are 
located along a pophery of an opening (8) through ttie sheet (6). 

1Z The device of Claim 1 or 2, further comprising a plurality of second 
openings (60) ttvough the sheet (6) being spaced between the plurality of openings (8). 

13. The device of Claim 1 or 2, wherein the device has about 600 to about 1000 
blades/cm^. 

14. The device of Claim 1 or 2, wherein the device has at least about 800 
blades/cm^ 

15. The device of Claim 1 or 2, wherein at least a portion of the plurality of 
blades (4) have a length sufRcient to pierce the stratum comeum d the body surface to 
a depth of at least at»out 25 ^m. 
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16. The device of Claim 1 or 2, vvherein each of the plurality of blades (4) is 
oriented approximately perpendicular to the sheet (6). 

17. The device of Claim 1 or 2. wherein each of the plurality of blades (4) is 
oriented at an angle in the range of about 1" to about 89° to the she^ (6). 

18. The device of Claim 1 or 2, wherein each of the plurality of blades (4) is 
oriented at an angle in the range of abouH 10" to about 60» to the sheet (6). 

19. The device of Claim 1 or 2. wherein at least a portion of the plurality of 
blades (4) have a thickness in the range of about 7 nm to about 100 pm. 

20. The device <rf Claim 1 or 2. wherein at least a portion of the plurality of 
blades (4) have a thickness in the range of about 25 \an to abojt 50 urn. 

21. The device of Claim 1 or 2. wherein the plurality of blades (4) Is composed 
of a material selected from the group consisting of metals, metal alloys, glasses, 
ceramics and rigid polymers. 

22. The device of Claim 1 or 2. wherein the sheet (6) and the plurality of blades 
(4) are substantially impemieable to the passage of the agent 

23. The device of Claim 1 or 2, wherein the plurality of blades (4) are thinner 
than the sheet (6). 

24. A method for producing a device (2) for pterdng the stratum comeum of a 
t)ody surface, the method comfi^ing; 

applying a layer of photo-resist to a first side (49) of a sheet (6); 

exposing the layer of photo-resist through a mask pattern for producrig a 
plurality of blades (4); 

etching exposed portions of the photo-resist and the she^ (6) to produce the 
plurality of blades (4) and openings (8) through the sheet (6); 

punching the plurality of blades (4) through the openings (8) such that the 
plurality of blades (4) ext^ downward from the sheet (6); and 

'ncon^orating the device (2) to" piercing the stratum porneim into a delivery 
device (10,88,98,104) or sampling device (10,88,98,104). 

25. The method of Claim 24, wtierein tte photo-resist is a resist selected 
from the group consisting of wet resist and dry resist. 

26. The method of Claim 24 wherein the etching step comprises spray etching. 
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27. The method of Claim 24 wherein the punching step comprises: 

placing the sheet (6) on a die (52) having a plurality of openings (56) 
corresponding to the plurality of blades (4) and openings (8) of the sheet (6); and 

b^ing the plurality of blades (4) through the openings (56) to be substantially 
perpendicular to the sheet (6) with a punch (54) having a plurality of protrusions (58) 
corresponding to the plurality of openings (56) in the die (52) and the plurality of 
openings (8) of the sheet (6). 

28. A method of transdermally sampling an agent, comprisng: 

a. placing a device (2) on a body surface through vvhich the agent is to be 
withdrawn, the device (2) including a sheet (6) having at least one opening (8) 
therethrough and a plurality of blades (4) extending downward therefrom whereby 
agent transmitting pathways are formed through the stratum comeum at the body 
surface, and a resen^oir (26. 90, 106) in agent transmitting relation with the opening (8); 

b. withdrawing the agent through the pathways and said opening (8); and 

c. collecting the agent in the res^voir (2S,90, 1 06). 

29. The method of Claim 28, wherein the samiiried agent is selected from the 
group consisting of body analytes. electrolytes, blood gases, illicit drugs, licit drugs and 
glucose. 

30. TTie method of Claim 28. further oonprising: 

connecting a sampling device (10,88,98,1 04) to a side opposite of a side (48) of 
Ihe sheet (6) having the blades (4) extending downward ttwefrom. ttw sairpfing device 
(10.88,98.104) kjeing selected from the group consisting of a reverse eledrotransport 
sampling device (10), a passive sampling device (88,98), an osmotic sairpBng device 
(104), and a negative pressure driven sampling device. 
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